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Abstract 
Helium and carbon isotopes are important indicators for identifying the origin of volatiles dissolved in groundwater. 
Four thermal springs and another twelve normal springs are hosted by local deep faults in south China, which are 
considered to have significant connection to deep geothermal activity. Between 4% and 6% mantle He in thermal 
springs reveals that significant mantle He migration in deep faults can bring a certain amount of energy, along with 
thermal volatiles, and contribute to thermal spring formation according to 3He/4He. While δ13C reveals that dissolved 
inorganic carbon in thermal springs is from rock metamorphism that occurred in certain deep crust as geothermal 
activity, which is potentially the main energy source of the thermal springs. 
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1. Introduction 
Thermal springs are always associated with geothermal activity such as active volcano, magma, 
tectogenesis and radioactive decay [1-4]. The terrigenic He, that is non-atmospheric, is associated with 
crustal (in situ and deep crust) and mantle He components besides radiogenic He, which is used to track 
the source of fluid [5,6]. The isotopic composition of CO2 in springs is an effective indicator of its source, 
such as metamorphic devolatilisation, magmatic degassing, oxidation of organic matter, and interaction of 
water with sedimentary carbonates [7, 8]. So helium and carbon in thermal springs is a significant 
indicator for geothermal events. Four thermal springs and another twelve normal springs are hosted by 
local deep faults in south China, which are considered to have significant connection to deep geothermal 
activity. Here, we sample and discuss their helium and carbon isotopes. 
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2. Sampling and methods 
Four typical artesian thermal springs (56.7 to 78.6 ) and another twelve normal springs (about 
25 )are located in Heyuan and Zijing-Boluo large and deep faults with main direction of northeast in 
South China. There is a complicated tectonic background and a complete stratigraphic sequence that has 
undergone frequent metamorphism and intense magmatism [9]. Granite is the most extensive parent rock, 
accounting for more than 40% of Guangdong area. Then it is inferred that thermal springs are formatted 
and controlled by deep faults, metamorphism and magmatism. 
While collecting the water samples of noble gases, the samples have to be isolated from the air, 
sealed in copper tubes, stored and transported under refrigeration, and immediately sent to State Key 
Laboratory of Gas Geochemistry, Lanzhou Center for Oil and Gas Resources, Institute of Geology and 
Geophysics, pretreated according to the standard treatment methods of samples, and tested by MM5400 
[10, 11]. Helium isotope ratios are expressed as air-corrected R/Ra values, where Ra is the atmospheric 
ratio 1.4×10-6. Dissolved inorganic carbon precipitated into BaCO3 is collected and sealed tightly with no 
headspace. CO2 is released and collected again after dealing with concentrated acid. Its δ13C is measured 
at China University of Geosciences (Wuhan) with a Finnigan MAT 253 and the precision is ±0.2‰. 
3. Results and discussion 
3.1. 4He/20Ne-3He/4He and Helium origin 
The 4He content of four thermal springs vary greatly from 3.72×10-8 to 199.54×10-8 cm3STP/mL, and 
20Ne content varied greatly from 0.21×10-8 to 2.96×10-8 cm3STP/mL. While 3He/4He vary slightly from 
0.36 to 0.57Ra (atmosphere 3He/4He ratio Ra=1.4×10-6). It indicates that the mixing of a lot of noble 
gases from terrigenic sources besides atmosphere, which changes the content and isotopic compositions 
of noble gases in groundwater. 
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Fig. 1. AIR (ASW)-MORB-CRUST mixing model of He and Ne isotopes [12].  
 
The four thermal springs are located at the mixing area of three end members, e.g. MORB, Crust and 
air (Fig. 1), indicating that He in samples is at least the mixing of atmospheric and crustal sources, 
addition to obvious mantle source. Although the isotopic compositions of atmospheric, crustal (in situ and 
deep crust) and mantle He have their own typical characteristics, it is very difficult to separate different 
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4He quantitatively only by 3He/4He, even to identify 4He sources. Because 22Ne is almost derived from 
atmosphere, an improved method of 4He/22Ne - 3He/4He with two steps of dissolved model is proposed 
and used to identify the origin of helium [12]. Calculated that it is almost crustal He dissolved in the four 
thermal springs with 4%6% mantle He. 
3.2. δ13C -3He/4He and CO2 origin 
Mantle-derived carbon has a δ13C of about -8 ‰ to -4 ‰, while the δ13C values of mid-ocean ridge 
basalt (MORB) glasses range from -9 ‰ to -4 ‰ and that of rock metamorphism CO2 from -15‰ to 9‰ 
[13]. The δ13C values of four thermal springs ranged from -3.8‰ to -2.2‰. Therefore, dissolved 
inorganic carbon in thermal springs is thought to be derived from rock metamorphism, which indicates 
geothermal activity. 
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Fig. 2. CO2 origin identified by the relationship of δ13C and 3He/ 4He. 
 
However, it is difficult to estimate the carbon origin only by δ13C, since the mixing of organic 
sedimentary carbon and oceanic limestone carbon may produce a 13C/12C ratio identical to that of MORB-
type or rock metamorphism CO2. It is thus possible to distinguish the carbon fractions of the upper 
mantle, organic sediment and limestone (including slab components) in CO2 of volcanic and 
hydrothermal fluids from subduction zones based on the 13C/12C ratios and CO2/ 3He ratios [14]. Then it is 
easier to identify the carbon origin by comparing the δ13C to 3He/ 4He ratios (Fig. 2). The four thermal 
springs are in the zone of crustal CO2 of rock inorganic chemistry, near to that of crust-mantle mixing 
CO2. It seems that negligible or a small amount of volcanic mantle CO2 mixed with crustal CO2, and 
dissolved in thermal groundwater. 
4. Conclusions 
Four thermal springs are hosted by local deep faults and have significant connection to deep 
geothermal activity in Guangdong, China. Their helium isotope reveals that it is almost crustal He 
dissolved in the four thermal springs with 4% to 6% mantle He. This means that significant He from 
mantle degasing is migrating in deep faults and can bring a certain amount of energy along with thermal 
volatile and contribute to thermal spring formation. However, its δ13C value of -3.8‰ to -2.2‰ reveals 
that dissolved inorganic carbon in thermal springs is from rock metamorphism, meaning that 
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metamorphic processes occurs in certain part of the deep crust as geothermal activity, which may be the 
main energy source of thermal springs. 
Acknowledgements 
This article is financially supported by National Natural Science foundation of China (Grant Nos. 
40602031, 41120124003), Fundamental Research Funds for the Central Universities (Grant No. 
CUGL090213), Nature Science Foundation of Hubei Province (Grant No. 2011045003), and China 
Geological Survey project (Grant No. 1212011220014). 
References 
[1] Larson PB, Phillips A, John D, Cosca M, Pritchard C, Andersen A, Manion J. A preliminary study of older hot spring alteration 
in Sevenmile Hole, Grand Canyon of the Yellowstone River, Yellowstone Caldera, Wyoming. Journal of Volcanology and 
Geothermal Research 2009; 188: 225-236. 
[2] Mottl MJ, Seewald JS, Wheat CG, Tivey MK, Michael PJ, Proskurowski G, McCollom TM, Reeves E, Sharkey J, You CF, 
Chan LH, Pichler T. Chemistry of hot springs along the Eastern Lau Spreading Center. Geochimica et Cosmochimica Acta 
2011; 75: 1013-1038. 
[3] Guo Q, Wang Y. Geochemistry of hot springs in the Tengchong hydrothermal areas, Southwestern China. Journal of 
Volcanology and Geothermal Research 2012; 215–216: 61-73. 
[4] Zaher MA, Saibi H, Nishijima J, Fujimitsu Y, Mesbah H, Ehara S. Exploration and assessment of the geothermal resources in 
the Hammam Faraun hot spring, Sinai Peninsula, Egypt. Journal of Asian Earth Sciences 2012; 45: 256-267. 
[5] Kaneoka I. Noble gas signatures in the Earth's interior-coupled or decoupled behaviour among each isotope systematics and 
problems related to their implication. Chemical Geology 1998; 147: 61-76. 
[6] Kennedy BM, van Soest MC. A helium isotope perspective on the Dixie Valley, Nevada, hydrothermal system. Geothermics 
2006; 35: 26-43. 
[7] Weaver TR, Cartwright I, Tweed SO, Ahearne D, Cooper M, Czapnik K, Tranter J. Controls on chemistry during fracture-
hosted flow of cold CO2-bearing mineral waters, Daylesford, Victoria, Australia: Implications for resource protection. Applied 
Geochemistry 2006; 21: 289-304. 
[8] Padin XA, Castro CG, Ríos AF, Pérez FF. Oceanic CO2 uptake and biogeochemical variability during the formation of the 
Eastern North Atlantic Central water under two contrasting NAO scenarios. Journal of Marine Systems 2011; 84: 96-105. 
[9] Local Chronicles of the Regional Geology in Guangdong Province. Guangdong Bureau of Geology and Mineral Investigation 
1988, pp. 10-830. (in Chinese with English abstract). 
[10] Futo I, Molnar M, Palcsu L, Svingor E, Szanto Z. Application of a noble gas mass spectrometric system in environmental 
studies. Vacuum 2001; 61: 441-445. 
[11] Ye XR, Tao MX, Yu CA, Zhang MJ. Helium and neon isotopic compositions in the ophiolites from the Yarlung Zangbo River, 
Southwestern China: The information from deep mantle. Science in China Series D: Earth Sciences 2007; 50: 801-812. 
[12] Mao X, Wang Y, Chudaev OV, Wang X. Geochemical evidences of gas sources of CO2-rich cold springs from Wudalianchi, 
Northeastern China. Journal of Earth Science 2009; 20: 959-970. 
[13] Marty B, Sano Y, France-Lanord C. Water-saturated oceanic lavas from the Manus Basin: volatile behaviour during 
assimilation-fractional crystallisation-degassing (AFCD). Journal of Volcanology and Geothermal Research 2001; 108: 1-10. 
[14] Sano Y, Marty B. Origin of carbon in fumarolic gas from island arcs. Chemical Geology 1995; 119: 265-274. 
 
